measured. An alpha angle of greater than 65° was defined as Cam-type FAI. Radiographic OA and the 10 presence of a total hip replacement were then determined at 20 years.
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INTRODUCTION
1
Osteoarthritis (OA) of the hip is a common disease, with a cumulative prevalence of up to 27% [1] [2] [3] [4] . The 2 mortality adjusted lifetime risk of Total Hip Replacement (THR) at age 50 is 12% [5] . Losses of earnings 3 due to disability and direct treatment costs have made OA and other rheumatic diseases among the most 4 expensive of all items in any healthcare budget and a major burden to society. Health expenditure 5 towards arthritis related care represents 2.5% of the United States' entire Gross Domestic Product [6] . Hip 
6
Replacement accounts for almost half of the hospitalization costs associated with OA [7] , with over three 7 hundred thousand total hip replacements performed in the United States in 2011 [8] , which is projected 8 to increase to five hundred and seventy four thousand by 2030 [9] .
9
Historically, 10% of hip OA has been termed secondary and attributed to major deformities of the hip, 10 such as developmental acetabular dysplasia, Legg-Calvé-Perthes disease or slipped capital femoral 11 epiphysis [10] . The remaining 90% of hip OA was termed 'primary' or 'idiopathic' and presumed some 12 underlying abnormality of articular cartilage. For nearly 50 years authors have suggested some 13 relationship between more subtle deformities of the proximal femur and/or acetabulum and subsequent 14 development of OA of the hip [10] [11] [12] . More recently cross-sectional studies have supported this theory; 15 although cannot prove causality [13] . These deformities can be broadly divided into milder forms of 16 acetabular dysplasia, which results in a shallow hip socket, and Femoroacetabular Impingement (FAI), 17 which describes morphological abnormalities of the femoral head-neck junction, acetabulum, or both [14] .
18
Both can be quantified using measurements taken on plain radiographs. These deformities are thought to 19 result in a focal mechanical overload of articular cartilage, leading to subsequent osteoarthritis and joint 20 replacement [14] .
21
FAI and acetabular dysplasia are prevalent and are common in patients with established osteoarthritis of 22 the hip, with concomitant hip malformations seen in 36.6% of women and 71.0% of men with hip 23 osteoarthritis [13] . However, it is not known whether these malformations pre-date or are a result of the 24 OA pathogenic process. Though temporal sequence alone does not prove causality, when combined with The aim of this study was to determine whether subtle deformities of the hip are associated with the 3 development of radiographic osteoarthritis and end-stage OA (defined by THR) in a population based 4 prospective cohort. To date, no studies have been able to assess the role of hip morphology in the 5 development of structural change and THR in a population cohort without disease at baseline, making 6 this a unique project. Our hypothesis was that a causal relationship exists between subtle deformities of 7 the hip and subsequent osteoarthritis.
9
METHODS
Study Participants
11
The Chingford 1000 Women Study is a population-based cohort of 1003 women living in the United
12
Kingdom. In 1989, women registered at a general practice in London of the age range 44-67 years (mean 13 54.2) were invited to participate in a study assessing musculoskeletal disease, with yearly clinic visits; 14 morphometric, clinical, biologic, and radiographic measurements were obtained at these visits. 
20
Exclusions
21
Exclusion criteria were applied to ensure that year 2 radiographs were of a minimum acceptable 22 standard. Twenty individuals were excluded due to poor radiograph quality. Poor radiograph quality was 23 a subjective exclusion criterion applied by the principal investigator when a radiograph was either 24 grossly over-or underexposed to the extent that constituent anatomic landmarks were not visible for the 25 purposes of analysis. Five hip joints (3 individuals) were excluded because they already had a THR in situ. 
10
where r is the radius of the femoral head) [17] . These measurements are in routine clinical use and can be 
23
Statistical Analysis
24
The distribution of morphological measurements (LCE, Alpha Angle, Extrusion Index and Triangular
25
Index Height) was examined using histograms and kernel density plots. Normally distributed variables 26 were compared using the independent 2-tailed Student's t-test; non-normally distributed variables were 27 compared using the Wilcoxon rank sum test. Participants were only included in an analysis if they had not 28 had the outcome at the start of the study; that is no radiographic OA (K & L < 2) or no THR at baseline. 
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RESULTS
1
The baseline characteristics of the participants included in this study are summarised in Table 1 
22
McFadden's pseudo R 2 statistic increased from 4.75% to 22.84% (Table 4 ).
24
Alpha Angle Thresholds by Outcome 
25
The cut point for non-linearity varies according to outcome, statistically the threshold for non-linearity 26 for Alpha Angle with Radiographic OA is 41° and with THR is 82° (Figure 2 and Table 5 ). Logistic 27 regression with these thresholds showed that each degree increase in alpha angle increased the risk of 
5
These measurements were independently predictive of outcome even when controlling for baseline age,
6
BMI and joint space width and significantly increased the predictive value of the model. This is the first 7 study to demonstrate these findings in a longitudinal population cohort.
8
FAI has been extensively documented as a cause of groin pain [24] . Whilst associations of abnormal 9 morphology and OA are established [13, 25] , prospective longitudinal data, which may provide more 10 convincing evidence of a causal relationship, is lacking. Previous studies examining the development of
11
OA have focused on acetabular dysplasia [26, 27] . Two recent studies have associated cam deformity with
12
OA, but are limited by their cross-sectional nature and used outcome measures which may not be as 13 relevant as using the hard endpoint of THR for example [13, 28] . Longitudinal data is limited to a nested 14 case control using the Chingford cohort [17] and an enriched cohort of symptomatic osteoarthritis 15 patients [29] , both of which showed asignificant assoiciation of Cam-type FAI with THR.
16
This work demonstrates that women with a Cam-deformity identified by an alpha angle of greater than 
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Although we have chosen these thresholds for non-linearity based on the data distribution this 1 statistically might not be the case. On further exploration it was found that the cut point for non-linearity 2 varies according to outcome. The statistical threshold for non-linearity for Alpha Angle with Radiographic 3 OA is 41° and with THR is 82°. When using these statistical thresholds we see a more pronounced 4 association, with a risk increase for THR of 6% per degree when the alpha-angle is greater than 82°. Conversely, a more invasive intervention, such as surgery may wish to identify those patients with a 10 higher risk using a threshold of 80°, which has a higher specificity. Non-linearlity should of course not be 11 interpreted as a threshold for clinical intervention, the sensitivity, specificity and level of risk associated 12 with these thresholds requires further evaluation in order allow their use in treatment decisions. 13 
14
It has been proposed that FAI leads to shear forces being applied to acetabular cartilage with 15 displacement of the labrum [31] . This may lead to delamination of the acetabular cartilage, and 16 detachment of the labrum at the chondro-labral junction. Developmental dysplasia leads to increased 17 contact stress and cartilage degeneration [32] . The mechanism by which morphological abnormalities 18 lead to OA are likely to be similar in both men and women.
19
This study has several strengths and potential limitations. This is the only cohort study at present which 
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
Cam-type FAI appears to be twice as frequent in men as in women [25, 34] , and acetabular dysplasia 1 approximately 20% more frequent in women as in men [13] . The role of Cam-type FAI in OA may 2 therefore be underestimated in this population cohort and a long-term epidemiological study involving 3 male subjects is needed to confirm the natural history of these anatomical abnormalities in men.
4
In summary this study provides longitudinal evidence in a large population cohort that measurements of 5 hip morphology characteristic of Cam-type FAI and undiagnosed dysplasia are predictive of 6 OA development (radiographic OA and THR), independent of age, BMI and joint space width. These 7 measurements can be made on a simple anteroposterior pelvis radiograph, and significantly improve our 
